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“Seven minutes 
of terror 


How do you 
slow a spacecraft 
down from 
13,000mph to 
zero in just over 
400 seconds? 
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Ist minute: Dead or alive @ 
Curiosity encounters the 
Martian atmosphere travelling 
at 21,000kph (13,000mph), 
more than 17 times faster than 
the speed of sound on Earth. 
The whole landing lasts seven 
minutes but it takes 14 minutes 
for Curiosity to communicate 
with Earth, so when ground 
control receives word that the 
rover has hit the atmosphere, it 
will have been alive or dead on 
the surface for seven minutes. 


Set to land on 6 August 2012, MSL’s 
groundbreaking Sky Crane will enable 
the craft to traverse Mars's atmosphere 
before its make-or-break touchdown 
on the planet's surface in a descent 
which NASA has described as “seven 
minutes of terror 

A landing mechanism that is as 
thrilling as it is terrifying, the Sky 
Crane could revolutionise how we land 





2nd minute: Into the @ | 
frying pan 
The atmosphere of Mars is 
100 times thinner than Earth's, 
However, while it is not too 
thin to slow a spacecraft down 
completely, itis thick enough to 
tear an unprotected spacecraft 
apart. Therefore, as the capsule 
slams into the atmosphere, its 
heat shield bears the brunt of 
1,600°C (2,900°F) heat from 
atmospheric drag, glowing like 
the surface of the Sun. 


on other worlds, Previously, it was 
thought that air bags would be the 
only option to land on a planet such 

as Mars, but now it's widely believed 
that future off-Earth landings will use 
a Sky Crane design to lower vehicles to 
the surface. 

Curiosity will have a much greater 
degree of control as it plummets 
through the Martian atmosphere than 
any mission before it. As it descends it 
will jettison some weights, putting the 
centre of mass of the descent capsule 
off balance and allowing the craft to 
manoeuvre through the atmosphere 






3rd minute: Steering a! 


through the fire 

‘As MSL makes its way 
through the atmosphere it 
is constantly steering itself 
with reaction thrusters, 
guiding itself like an 
aeroplane so that it can land 
ina precise area. In fact, it 
can manoeuvre so much 
that it could even perform 
an’S'turn in the air. 


Such is the accuracy of the descent 
that NASA has been able to pinpoint 
a fairly precise area in which it 
expects Curiosity to land. The landing 
culminates with a rocket powered 
descent after the parachute phase. 

One of the benefits of this landing 
design is that Curiosity is placed 
straight down onto the surface rather 
than rolling off a ramped platform 
like Sojourner, Spirit and Opportunity. 
While alleviating some hazards, such 
as the ramp getting stuck, Curiosity 
might still encounter problems. If it 
lands on top of a rock engineers wi 
need to carefully manoeuvre it to 
a safer position. Mission controllers 
must make sure there are no hazards 
immediately around the vehicle, such 
as rocks or an uneven surface, before it 
can begin scientific operations. @ 








4th minute: @ al 


Chute for glory 

After exiting the 
atmosphere the capsule 
will still be travelling at 
1,600kph (1,000mph). To 
continue the deceleration, 
the largest and strongest 
supersonic parachute 

that has ever been built 

is deployed, snapping 

open at an incredible Sgs. 
Weighing just 100 pounds, 
it must withstand a force of 
29,500kg (65,000 pounds) 
as it slows down the rover. 
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“Seven minutes of terror" 





What could go wrong? 


At the time of going to print, Curiosity is still on its way to Mars, Therefore, by 
the time you're reading this, you might know already if it has made it safely to 
the surface or not. If it has, great! But if it hasn't, what might have gone wrong? 
As this is such a precise mission there is so much that could fail. During the 
intricately choreographed process every single aspect must work perfectly for 
the rover’s seven-minute landing procedure to be a success, For example, if the 
parachute deploys too early it will be ripped to shreds. If the Sky Crane fails to 
disconnect it will pull the rover back into the sky before coming back to collide 
with Mars, Or, the mission could work flawlessly, but MSL could accidentally 
land on a large rock or loose sand, leaving it stuck on the surface. 

However, NASA is optimistic. Not only has every eventuality been hopefully 
accounted for, but it has successfully completed a rocket landing before. Its 
Phoenix lander, in 2008, used rocket propulsion to lower itself to the surface of 
Mars's North Pole, although it didn't employ the same Sky Crane winch concept 
as Curiosity. There's no doubt, though, that if the rover lands it will be one of 
the greatest space exploration accomplishments of all time, 
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6th minute: Sky Crane @ ® 7th minute: Touchdown 
Eight rockets on the Sky Crane suddenly spring The last minute of the mission is the 
into action, taking the rover off to the side to avoid riskiest. At this point the Sky Crane lowers 
the parachute overhead. This mechanism must. the rover down from a height of 20 metres 
then kill the horizontal and vertical velocity of the (65 feet) on four cables that are each 6.4 
spacecraft and head for the planned landing site at metres (21 feet) long, Slowly, the rover is 
the bottom of Gale Crater, right beside the 5.5km touched down on the surface, the cables 
(3.4-mile) high Mount Sharp. are released from the rover and the Sky 
Crane flies off to crash in the distance so 
that it does not land on the rover. Seven 
minutes later, ground control will receive 
a signal from the rover confirming it has 
made it to the surface, and the crux of the 
mission can begin. 


5th minute: Cut off point @. 
The parachute slows the craft 
down to 320kph (200mph), 
but this is not slow enough to 
land, The lower heat shield is 
no longer needed, so this is 
jettisoned, and then the upper 
portion of the parachute flies 
off, leaving the rover and its 
Sky Crane in freefall. 






@ Landing Zone at Gale Crater 
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A year 
on Mars 


What will Curiosity do Porro esa Eee iceman 
once it has lande d? the composition of rocks and soil on Mars 
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Curiosity's 
technologies 


What's on board the rover? 
Sample Analysis at Mars 


This instrument uses a sophisticated chemical lab to 

analyse samples from the Martian surface. A robotic 

arm will pick up samples and place them in the 

chamber to be investigated. OR 1 9 < Cameras 
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Manned 
missions to Mars 


When and how will humans land on the Red Planet? 


‘The holy grail for Mars exploration has 
for many decades been to ultimately 
land humans on the Red Planet. After 
the Apollo missions in the Sixties 
and Seventies it was widely believed 
that Mars was the logical next step, 
but funding cuts left NASA in Earth 
orbit despite having a rocket, namely 
the Saturn V, that would have been 
capable of taking humans to the 
surface of Mars. 

‘Therefore, for four decades the 
thought of human exploration of Mars 
was left by the wayside as a variety 


of spacecraft and space stations were 
launched into Earth orbit and beyond. 
Now, however, Mars is back on the 
space-exploration agenda, and getting 
there could be achievable with some 
upcoming technologies. 

For starters, NASA is building its 
own successor to the Saturn V, known 
as the Space Launch System (SLS) 
Capable of carrying over 100,000 
kilograms (220,000 pounds) into 
orbit, the SLS will have the capability 
to take humans to Mars, and indeed 
that appears to be NASA ultimate 


goal. It is thought that, in the 2020s, 
the SLS will launch astronauts in an 
Orion capsule on trips to the Moon 
and a near-Earth asteroid, The next 
step will be to either land on one of 
Mars's moons, Phobos or Deimos, or 
head straight for the Martian surface 
by the 2030s. 

The other rocket that could get us 
there is SpaceX’s Falcon Heavy rocket. 
Employing three of the boosters 
already used on the successful 
Falcon 9 rocket, the Falcon Heavy 
will be able to take over 50,000 


kilograms (110,000 pounds) to orbit. 
By combining several such launches it 
could be possible to launch a mission 
to the Red Planet. In addition, SpaceX 
is working on its own variant ofits 
successful Dragon capsule that docked 
with the International Space Station in 
May, known as the Red Dragon, that 
could be able to land on and take off 
from the surface of Mars. 

As of now these are the two 
primary rockets that would be able 
to take humans to Mars. It's likely, 
though, that over the next decade 
more agencies such as China will 
announce heavy lift rockets capable of 
taking the giant spacecraft that will be 
needed to mount a six-month journey 
to Mars. However, while the possibility 
of humans stepping on another planet 
will be ever present, it will likely 
require international collaboration to 
have any chance of success, @ 
Will humans ever be able to 
land on Mars? @spaceanswers 
#HumansOnMars 
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In the near future, could we be 
‘ela a lift into low Earth orbit? 
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on Jo 


Exploding mountains and lakes of lava, why Io 
is the most.exciting place in the Solar System 


Written by Jonathan O'Callaghan 
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In} ), NAS: foyager 
spacecraft flew by Io, the fourth 
largest moon in the Solar System and 
the innermost of Jupiter’s four main 
Galilean moons, and returned 
startling information. While mo 


to be lifeless hunks of space roc! 
both spacecraft had directly ob: 
volcanic featur 
iblance to a pepperoni p 
a giant moon, it was apparent that Io 
of th 
significant objects in our Solar System. 
Our own Moon is one that app 
to have been active in the past but 
has quietened down to become 
almost entirely dormant, retaining 
little to none of the voleanic activity 
that once sculpted its surface. Indeed 
only a few planets, Earth included, 
have changeable environments at 
all, making the discovery of Io all 
the more exciting, Where once our 
Solar System was regarded as an ever- 


present museum of the past, moons 


such as this one have proven that itis 
still a live ervescent plac 
what is it that makes Io so amazing? 
To date, Io has more than 400. 
known active volcanoes, making it 
the most volcanically active object in 
the Solar Si m, even more so than 
Earth. Dozens of vents are strewn 
across its surface leaking gas into t 
atmosphere, while at its poles and 
even occasionally close to the moon's 
equator vast icy plains can be found. 
The remnants of Io's volcanic past 


and pre as clear as day, 

ith large volcanic rings the size of 
California encircling either dormant 
or active volcanoes. 

While data from the Voyager probes, 
and later the Galileo spacecraft, has 
shown us volcanic plumes erupting 
from the surface of the moon, w 
ate also able to discern some of Io 
erupting monsters from observations 
on Earth. Some volcanoes have even 
been active for over two decade 
meaning that the driving force below 
Io's surface is even more violent and 
ferocious than once thought. 

The reason for Io's outbursts of 
activity is that it is being battere 





Alien volcanoes 
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(185 miles) high. 


and bruised by Jupiter and its other 
moons. lo sits at a distance of 420,000 
kilometre miles) from 
Jupiter, which might sound quite far 
away but consider that our own Moon 
sits 385,000 kilometres (240,000 
miles) away from us and that Jupiter is 
almost 318 times more massive than 
arth, while Io is almost exactly the 
me size as our Moon. For this reasor 
wvious that while the Earth 
small but noticeable for 
on the Moon, causing it to become 
gravitationally locked to our plane 
only a billion rears 
exerting a huge force on Io. This moon, 
which itself is gravitationally locked to 
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Alien volcanoes on Io 


Jupiter, is being constantly pushed and 
pulled by the huge gas giant, which 

in tum is churning its insides, Add 

into this that the other three Galilean 
moons, of which Io is the second 
smallest but the closest to Jupiter, 

also exert a gravitational influence on 
the poor moon, and you might start 
feeling sorry for this troubled space 
tock. The influence of the other moons 
‘means that Io's orbit around Jupiter is 
eccentric, with a difference of 3400 
kilometres (2,100 miles) between its 
closest and furthest points. So, even 
though the same face always points 
towards Jupiter, Jo experiences huge 
changes in gravitational force from this 
big bully of a planet. 

In fact, the force on To is so intense 
that its solid surface acts in a similar 
‘manner to oceans on Earth. It bulges 
up and down by as much as 100 
metres (330 feet) in places, compared 
to 18 metres (60 feet) for the highest 
tides on Earth. Bear in mind that Io's 
tides are made of solid rock and those 
on Earth are made of water, and you 
might realise just how tough a time 
this moon is having. 

‘These tidal forces create a huge 
amount of heat in Io's interior, and 
therefore the majority of its subsurface 
crust is a liquid. This liquid is under 
intense pressure and looks for any 
escape route possible out onto Io's 
surface, be it in the form of a volcano, 
geyser or vent. This makes the surface 
constantly changing place, with 
plumes of sulphur dioxide snow 
ejecting all over it. Any meteorites that 
hit the moon instantly see their impact 
craters filled with lakes of molten lava 
from the interior. The composition 
of this lava is still somewhat of a 
mystery but the two main theories 
suggest that it is either made from 
various compounds of molten sulphur 
or silicate rock. The former would 
account for the odd colouring of the 
moon, while the latter would better 
explain the hot temperatures under 
the surface where it may be too hot for 
sulphur to exist. 

As more missions are sent to the 
Jupiter system we will learn more 
about this fascinating and mysterious 
moon. NASA’ solar-powered 
spacecraft Juno, which launched in 
August 2011, will enter orbit around 
the largest planet in our Solar System 
in July 2016. This will be followed by 
the ESAs Jupiter Icy Moon Explorer, 
which is set to launch in 2022 and 
arrive at Jupiter in 2030.@ 

Is Jo of greater interest than other 
worlds like Titan and Europa? 
@spaceanswers #10 
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elliptical orbit, !o 


on Io 


Europa ® 
lo's orbit is not 
circular due to 

‘the gravity of 
neighbouring 
moons Europa 
and Ganymede. 


Elliptical ©@ 


Because of its 


is stretched and 
twisted over 
regular time 
periods. 


Biggest volcanoes on Io 

The strength of volcanoes on Io is measured using the 
gigawatt, a unit of power equal to a billion watts. For 
comparison, ten gigawatts is approximately equal to the 
power the Space Shuttle produced at lift-off 


@ar6.000 GW (gigawatts) @1001-10,000 GW ~ 101-1,000 GW @ 11-100 GW # 1-10 GW 









@ Heat 

The tidal flexing heats 
10's interior in the 
same way a paperclip 
warms when you 
bend it, The heat 
escapes through 
powerful eruptions. 


© Stretched 
lo experiences more 
tidal stretching from 
its host planet than 
‘our own Moon due to 
Jupiter’s massive size. 
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Mantle Alien volcanoes 


‘The mantle of lo is thought to 
be made of a magnesium-rich ——_—— 
mineral called forsterite, while 
up to 20% of it may be molten. 








® Temperature 
The surface 
temperature on lo 
ranges from 180°C 
(290°F) to -140°C 


L_ese 


lois slightly larger than 
‘our own Moon with 
a diameter of about 
3,600km (2,240 miles). 



































features 


Freezing cold 


© Core © Lithosphere ‘ 
Measurements made by the The uppet portion of the mantle, One of the most astounding 
Voyager and Galileo spacecraft the lithosphere, is made of basalt things about lois that, despite the 
suggest that at lo's centre is an and sulphur deposited from the number of active volcanoes on its 
iron-rich core. various volcanoes on lo. surface, it has a maximum surface 


temperature of -140°C (-220°F). 
This is because Io's atmosphere is 
incredibly thin, with volcanic gases 
instantly freezing and condensing 
upon eruption rather than adding to 
the atmosphere like on Earth. 


Lightning storms 

lo's orbit sees it cut across Jupiter's 
magnetic field lines, turning 

the moon into a giant electric 
generator. In fact, lo generates 
about 400,000 volts across itself, 
in turn creating 3 million amperes 
of current. This makes its way back 
along Jupiter's magnetic field lines 
and causes lightning storms in its 
upper atmosphere. 


Magnetic field 

The magnetic field of Jupiter also 
has another effect on lo. As it 
sweeps past the moon it actually 
strips off about 1,000kg (2,200Ib) 
of material per second, which in 
turn becomes ionised and forms a 
ring-shaped cloud of radiation. The 
ions in this ring create auroras at 
the planet's poles, and also inflate 
Jupiter's magnetosphere to twice 
its expected size. 
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3 The seat known 
star is 1,900 times the 
size of the Sun 
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within the next 100,000 years, leaving a huge black hole behind. @ 


> We sent an 
invitation to aliens 





You 


weigh 

A 
different 
oe 
Although your mass (how 
muuch force it takes to accelerate 
you) is the same wherever you 
are in the universe, your weight 
(the downward force from 
gravity) depends on the size 
of the planet you are standing 
on. The more mass a planet 


has, the more it pulls you down 
‘onto the surface. @ 


The Voyager 1 and 2 probes were 
launched in 1977 to study Jupiter and 
Saturn but their trajectory allowed 
them to continue past this point and 
head for the outer Solar System and 
beyond. On the off-chance that either 
of them encounters alien civilisations, 
the Voyager probes each carry a 
message from Earth 

The Pioneer 10 and 11 probes 
launched in 1972 and 1973 respectively 
carried a simple gold-plated plaque 
with some diagrams, but the 
Voyagers had something much more 
sophisticated, An analogue record, 
similar toa vinyl LP but made of 
gold-plated aluminium, was used as 
a time capsule to tell aliens about life 





Aunit of time 
Represents the spin of 
a hydrogen atom 


How to 
find Earth 

The position of Earth 
relative to 14 pulsar stars. 
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on Earth. As well as spoken greetings 
in 55 languages, the record includes 
sounds of music, surf, wind, bird calls 
and whale song. 

More impressively, the record 
contains images as well. Before the 
invention of the Laserdisc and more 
than 20 years before DVD, the Voyager 
records used an analogue audio signal 
to encode 115 images at a resolution 
roughly equivalent to standard 
definition TV pictures. 

‘The images begin with diagrams 
that explain our system of numbers 
and gradually build to explain 
chemistry, human anatomy and 
biology and eventually our culture 
science and engineering. 










How long? 

Side view of the 

record, Binary code 
fepresents 1 hour 
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How to 
decode 


The modulation scheme used 


to encode the images. 











Although the system for recording 
images on the discs was state of 

the art for its time, an even bigger 
challenge was to devise a way of 


explaining to an alien civilisation how 
they should retrieve this information, 
Weight restrictions made it impractical 


to include complete playback 
equipment, so the Voyager probes only 
carried the record itself with a stylus 
cartridge positioned at the start of the 
first track, A series of diagrams on 

the protective cover were intended to 
explain how it worked using principles 
that would be applicable anywhere in 
the universe. @ 

What would you say to aliens? 
@spaceanswers #FirstEncounter 





How fast? 

The binary code round 
the edge represents 3.6 
seconds/revoluttion. 







Atest image 
The first image is a circle, to 
check you're decoding correctly. 
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All About Mercury 


Mercury 
inside and out 


Mercury has a huge core and a higher 
concentration of core iron than any other planet 


Mercury contains about 30 per 


mean density. The 
ravitational 
y has sucha 
field in comparison 
hat's why scientist 
decided that its density mus 
iron-rich core 
has a higher concentration of iron in 
its core than any other major planet 


due toa 


before the energy output from the Sun 
abilised, it may have had twice the 
mass that it does now. Then when the 
Sun contract nd stabilised, massi 
temperature fluctuations 
some of the planet's crust and mantle 
rock. Ora thinner mantle and crust 


olar nebula (the Sun's cloud of 
dust and gas from which the planets 
formed) from t € proximity to 


of material 
ium on the surface, which 
aporised at the 
tures needed for the 
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The structure 
of Mercury 


Huge impact 

Because the mantle is so thin 
compared to the core, some believe 
that there may have been a huge 
impact of some type that stripped 
away some of the original mantle. 


Bombardment 

The current crust may have formed 
after the bombardment, which was 
followed by volcanic activity that 
resulted in lava flows. 


Mercury's lack of atmosphere 
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@ Molten layers Mercury's structure 

The iron-rich core probably has a 
molten layers surrounding a 
solid centre, which may account 
for its magnetic field. 
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The Sun appears two and a 
half times larger in Mercury's 
sky than it does in Earth's 
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®@ Crust 
Between 100 and 300km (62 
to 186 miles) thick, the crust 
solidified before the core did, 
which is part of the reason it's 
covered in ridges and wrinkles. 






@ Core 


_ stronger 


(1,118 mile) radius, = a 
Mercury's core has a WUs Robles prc eelcR PMN SeUOecos 
















@ Mantle very high iron content sorte 2 
The mantle is made of and occupies about on Mercury than they are on Earth 
silicate minerals and is about 42 per cent of the 
600km (373 miles) thick. whole planet. 
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On the surface 


Mercury is a planet of extreme variations in temperature, 
in its surface features and in its magnetic field 
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Focus on Saturn's storm 
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This mysterious storm was so big 
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The Hunt for Earth 2 


Starship Daedalus, 
the fusion-powered 
interstellar spacecraft 
that could take us to 
another world 
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Secondary propellant tanks. 
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